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Women’s ability to reproduce is restricted by menarche and menopause. First children are, however, not typically born until some years after the onset of puberty. Other factors therefore contribute towards this delay. In this context, women’s hips do not reach full adult form until they are in their mid-20s. Therefore, physiological and morphological factors appear to determine an optimum age-range for reproduction. The following studies were conducted in order to investigate this hypothesis. Study 1 asked nulliparous women questions about ages at which particular life events related to reproduction should ideally occur. This revealed their preferred age at birth of first child to be approximately 27 years old. Study 2 replicated these findings and further showed that women with children actually had their first child at a very similar age [27.93(+0.79)]. Findings from Study 3 were also remarkably consistent [28.15 (+0.39)]. Study 4 examined the 1901 UK Census record and incorporated an analysis of the influence of wealth. Middle class women were on average 24.88 (+ 0.22) years old at the birth of their first child. Poor women were on average 23.50 (+ 0.20) years old. These figures at least approximate to findings from Studies 1-3, which is noteworthy given that modern contraceptive methods were not widely available at the time. It is concluded that female strategies to delay giving birth to their first child until they are of an age that approaches or coincides with their full hip maturation are enduring across time.
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INTRODUCTION
Humans are a species characterized by a relatively low number of offspring and high parental investment (Martin, 2007). Given this low reproductive rate, timing is of particular importance, especially so for the birth of the first child. The fertility of females of our species is limited by menarche and menopause. There are also severe consequences for the quality of offspring associated with poor timing of reproduction, such as very early or late childbearing (Schwarz, Smith, Steinauer, Reeves, & Cauhey, 2008). 
Other factors women must take into account are quality of available partners, resource availability, likelihood of disease, and their own physical limitations (Benzies et al., 2006). The relatively slow rate of hip growth whereby full adult form is not reached until the mid-20s (e.g., Sheiner, Levy, Katz, & Mazor, 2005) represents a further restriction. Additional considerations are that men can be required to make significant paternal investment (Geary, 2000; Gettler, 2010) and that women’s ability to raise high quality offspring are affected if that investment is not made (Beise, 2005). Hence, there is a courtship process by which men’s commitment and willingness to share resources are tested (Buss & Schmitt, 1993; Kenrick, Sadalla, Groth, & Troth, 1990). This courtship period also helps women to become immune to a male’s potentially teratogenic infections (Hendrie & Brewer, 2010). Therefore, assuming pregnancy is not the result of forced copulation, coercion or some other involuntary factor, there is a clear process that precedes and leads up to women’s decisions to reproduce. 
With regard to physical limitations, teenage pregnancy is associated with a number of medical complications (Creatsas & Elsheikh, 2002; Jolly, Sebire, Harris, Robinson, & Regan, 2000), including an increased risk of neonatal and postnatal mortality (Chen, Wen, Fleming, Yang, & Wang, 2008; Phipps, Blume, & DeMonner, 2002). Further, teenage mothers are more likely to experience pre-term delivery (Chahande, Jadho, Wadhya, & Udhade, 2002), which is thought to be a consequence of immature pelvic architecture (Guegan, Teriokhin, & Thomas, 2000). As a result, the babies of teenage mothers tend to weigh less (Cunnington, 2001). This increases their vulnerability to developmental problems and ill health even through to adulthood (Lawlor, Smith, & Ebrahim, 2004; Richards, Hardy, Kuh, & Wadsworth, 2001). 
Risks associated with reproduction at an older age include declining fertility and chromosomal abnormalities (Asada et al., 2000; Bosch, Rajmil, Martinez-Pasarell, Egozcue, & Templado, 2001; Volarcik et al., 1998). It is estimated that as many as half of all the remaining eggs of women aged over 50 are chromosomally compromised (Hassold, 1986). Older mothers (i.e., over the age of 35) face increased risks of diabetes, chronic hypertension, haemorrhage, cardiomyopathy (Callaghan & Berg, 2003; Salihu, Shumpert, Slay, Kirby, & Alexander, 2003), and a greater risk of dying from pregnancy related causes (Callaghan & Berg, 2003). There are also increased risks of fetal mortality and premature birth (Salihu et al., 2003). These adverse effects for both younger and older women are more pronounced in those geographical locations and historical times where access to medical care is or was not freely available (McClure, Goldenberg, & Bann, 2007).
There are hence limitations on when reproduction can begin and must end. These factors are further complicated by the obstetric dilemma created by the conflicting demands of childbirth and bipedal locomotion (Rosenberg & Trevathan, 2002) and the relatively slow rate of hip growth such that full adult form is not reached until women are in their mid-20s (Sheiner et al., 2005). Therefore, physiological and morphological factors appear to determine an optimum age-range for reproduction. The following studies were conducted in order to investigate this hypothesis. This was examined in nulliparous women and those with at least one child. The historical record was also consulted.


METHOD 
Participants
Studies 1-3
Fifty female participants aged between 17 and 27 years (M = 24.46 + 3.87) took part in Study 1. Study 2 involved two groups, 53 women who had not yet had children were aged between 18 and 29 (M = 21.78 + .28) and 52 women aged between 35 and 62 (M = 49.23 + 1.07) who had at least one child. Study 3 involved 147 women aged between 37 and 64 (M = 52.17 + .46) who also had at least one child. Participants in each of these studies were opportunity sampled from around the University of Leeds and its environs. No other recruitment measures were employed and no compensation was offered for taking part in the study.
Women in Studies 1 and 2 were asked a range of biographical questions to do with age, career/education history, and relationship status. In Study 1, they were also asked to state the age at which they thought certain key life events (such as falling in love, getting married, having children) should ideally occur. Study 2 also involved questions about ideal ages for particular life events and additionally asked women to give their ages at the time when these events actually occurred in their lives. For both these studies, questions were phrased as “In the spaces provided below, please suggest the age that you believe in your opinion to be the ‘ideal’ age when encountering …” followed by the particular life even. In Study 2, there was an addition of a second part to the question “and (if already experienced) when did this occur?” Women in Study 3 were only asked to give their ages, ages at the birth of their first child, and total number of children.
Study 4
Census records of 873 women aged 47 or less with children of the same surname living with them were obtained from the 1901 UK census archives. These records were selected on the basis of women having lived on either “poor” or “middle class” streets as classified by the Charles Booth Archive of the Poverty Maps of London (Booth, 1902). “Poor” in Booth’s terminology were those with intermittent earnings rather than suffering from chronic want, while the middle class were “well to do” rather than wealthy. This map was compiled between the years 1898 and 1899 and is hence almost exactly contemporaneous with the census information. There were 474 “poor” women with a mean age of 34.7 (+ .33) years and 399 “middle class” women (M = 35.16 + .36 years). Each woman’s age at the birth of her first child was calculated by subtracting the eldest child’s age from her age at the time of the census. Data from a small number of women (N = 10, 5 of each class) whose ages at the birth of their first child were indicated as being 14 or below (the mean age of menarche at this time [Brown, 1966; LaVelle, 1994]) were discounted as error (most likely produced as the result of husbands with children from previous marriages having remarried younger wives). The upper age limit for the sample was set at 47 because this was the estimated mean age of menopause in 1900 (Backman, 1948).
RESULTS
Study 1
A one-way within-subjects analysis of variance (ANOVA) that included 10 psychosexual/relational milestones in terms of ideal timing revealed a significant main effect, F(9, 441) = 338.43, p < .001. In order of increasing ideal age, these were first kiss, first partner/boyfriend, losing virginity, first time in love, going on holiday with partner, living with partner, becoming engaged, buying a house with partner, getting married, and having first child. The key reproductive events were becoming sexually active (losing virginity, M = 17.02 + .18), making a long term commitment to a partner (getting married, M = 25.96 + .32), and having their first child (M = 27.02 + .32). These data are shown in Fig. 1.

Study 2
Study 2 sought to extend the above findings to include women who already had children. A 3 (Ideal/Actual: Women with no children ideal, Women with children ideal, Women with children actual) x 5 (Life Event: Losing virginity, Falling in love, Living with partner, Marry, Have first child) ANOVA revealed a significant main effect of life event, F(4, 576) = 574.11, p < .001. These data are shown in Fig. 2 and indicated that ideal life plans were very similar between groups and closely adhered to by the women with children in this study, who reported being on average 27.93 (+.79) years old when they had their first child
Study 3
Women reported having an average of 2.49 (+.08) children, with the first of these being born when they were on average 28.15 (+.39) years old.
Study 4
ANOVA revealed a significant difference in the age of poor (M = 23.50 + .20) and middle class (M = 24.88 + .22) women at the birth of their first child, F(1, 861) = 21.25, p < .001. ANOVA further showed there to be significant differences between the number of children recorded as living with poor (M = 3.62 + .08) and middle class (M = 2.43 + .09) women at the time of the census, F(1, 861) = 92.09, p < .001. With regard to distributions of women’s age at birth of first child, 13.6% of poor women and 8.9% of middle class women were in their teens, 76.8% of poor women and 74.9% of middle class women were in their 20s, and 7.5% of poor women and 12.7% of middle class women were over the age of 30. These data together demonstrate that by far the greatest number of first children were born to mothers aged between 20 and 29. These data are presented in more detail in Fig. 3.
DISCUSSION
Current studies were conducted in order to investigate the hypothesis that physiological and morphological factors combine to produce an optimum age range for women to reproduce. Study 1 asked questions about ages at which women thought that particular life events related to reproduction should ideally occur. Data revealed there to be a clear organization in the order of these, with women reporting their ideal age to have their first child to be around 27 years old. 
Study 2 sought to replicate these findings and also to determine if this plan translated into actual events. Responses of women without children were found to be similar to those in Study 1. Women with at least one child indicated that the age at which they had their first child was virtually identical to the reported ideal. Women in Study 1 and in Study 2 further reported their ideal ages for losing their virginities to be in their mid-teens, meaning that they were planning to be (and indeed were) sexually active for around 10 years before first giving birth. These findings demonstrate that the start of sexual activity is not directly related to the desire to have children at that time. Study 3 provided further confirmation that women in these samples were not giving birth until they were in the mid-late 20s. It thus follows that women must be taking active steps to control their own reproduction, which in turn raises the question as to whether this is a purely modern artefact.
Study 4 examined the historical record to determine whether women living in the Victorian era displayed the same patterns of reproduction as modern women. The effects of different income levels were also examined. Findings from this study indicated that the peak of female reproduction was while they were in their early to mid-20s. Further, there was also a marked effect of income level as women living on “poor” streets tended to have their first child 1–1.5 years earlier than those living on “middle class” streets. They also typically had more children. While these findings are clear, it must be recognized that they were estimates. The method for calculating mother’s age at birth of first child involved subtracting the eldest child’s age from her own age. This is, of course, sensitive to circumstances where children were not in the household at the time of the census. However, information about the reasons for a child’s absence was not available. In an effort to control for this, “well to do” women were selected for comparison rather than those in “wealthy” households, since their children were less likely to be away at boarding school. 
A further source of possible error was the effect of infant mortality. In families where the first-borns had died, the woman’s age at birth of first child would have been based on the birth of her second or subsequent child and so estimated to be higher than it actually was. Differences in access to medical care meant that the effects of this would have been greater in the “poor” group. In this context, it is important to note that the consequence would have been to reduce the differences between “poor” and “middle class” groups rather than to exacerbate them. Similarly, data were sensitive to children having reached maturity and having left the family home. However, this appears not to have been a major factor in the current sample as age of eldest child in the household increased in parallel with mother’s age rather than levelling off as would otherwise be expected. These data, therefore, show that women’s patterns of reproduction were remarkably consistent across time and apparent even in an age where modern contraception was not freely available.
Women delaying their reproduction for at least a decade beyond the onset of their fertility is an evolutionary paradox that requires explanation. In this context, the conflicting demands of bipedal locomotion and childbirth have introduced an obstetric dilemma into our species (Rosenberg & Trevathan, 2002; Stewart, 1984; Wittman & Wall, 2007) with the result that women’s hips are only just wide enough to allow the passage of a child. This effect is exacerbated by increased encephalization which has led to human infants being born at an earlier stage of development than is typical of other primates (DeSilva & Lesnik, 2006, 2008). There are many other serious complications associated with this obstetric difficulty, including fistula damage and high maternal/neonatal mortality rates (Leung & Chung, 2009). Hip morphology is, therefore, a major limiting factor on women’s ability to reproduce. Full adult form is not reached until the mid-20s (e.g., Sheiner et al., 2005) and so this alone would be sufficient to explain why females seek to delay their reproduction for an extended period beyond menarche. 
Women are not, however, always in control of their own reproductive destinies and factors such as economic conditions and cultural norms can exert a powerful influence. For example, religious laws and traditional practices such as arranged marriages encourage reproduction at an early age, while secular laws seek to restrict the age at which sexual activity can begin. There is, however, a wide variation of ages of consent indicating that there is no universally agreed consensus (Graupner, 2000; Posner & Silbaugh, 1996). In the UK, the current age of consent is 16 while in 1875 this was 13 (Waites, 2004). Similarly, in the U.S. state of Wisconsin, it is 18 while in the 1880s it was 10 (Boos, 2002). Environmental conditions exert a similar influence whereby economic deprivation can induce what might be called a “fast cycle” where affected individuals tend to reproduce early (Elias et al., 2007; Nettle, 2012) and inter-generational gaps are short (Matthews & Sun, 2006).
Therefore, current data clearly demonstrate the existence of a preferred female reproductive strategy. It is proposed that this is a response to those physiological and morphological factors that place restrictions on the timing of women’s reproduction. The consequence, is that the optimum time for childbirth is some 10 years after the onset of menarche. Reproduction significantly in advance of this optimum increases the risks of birth related difficulties which may have deleterious consequences for both mother and infant. Reproduction much beyond this represents wasted opportunity. Hence, the declared preference in the modern era for mother’s age at birth of first child to be around 26-27 and this being reflected in actual reproductive patterns. It cannot be stated with certainty that women in Victorian times also aspired to delay reproduction until their mid-20s but data relating to mother’s age at birth of first child (particularly in the middle class group) are nonetheless strongly indicative of this. 
In conclusion, the boundaries of women’s fertility are defined by menarche and menopause. Slow hip growth represents a further restriction whereby the full adult form is not typically reached until women are in their mid-20s. Therefore, while there might by a number of other cultural or social factors that may account for this, restrictions imposed by hip morphology and maturation are alone sufficient explanation for women’s preference for a lengthy delay between onset of menarche and reproduction. Further studies are required to determine if this is applies to a broader population.
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Figure 1. The female life plan. Data are expressed as M age (+SEM) that females indicated that particular life events should ideally occur. These life events were first kiss, first partner/boyfriend (Part), losing their virginity (Virg), going on holiday with their partner (Hol), first time in love , living with their partner (Live), becoming engaged (Eng), buying first home together (House), getting married and having their first child. Means are given above each data point. 






Figure 2. Ideal and reported life events by women with no children and those with at least one. Data are expressed as M (+SEM) ideal or reported age in years for each life event to occur. These life events were losing their virginity (Virg), first time in love, living with their partner (Live), getting married and having their first child.  





Figure 3. Distribution of women’s ages (years) at the birth of their first child as measured by information given in the 1901 UK census. Data are expressed as percentage of total births at each age in samples of women identified as living in poor (dark line) or middle class (light line) streets on Booth’s poverty map of London (Booth, 1902). 






